We detected Legionella species in 125 samples of hot spring bath water from variousplaces in Japan using the culture and LAMP methods, and compared the results of the 2 methods. Legionella spp. was detected in 40 samples in the culture test, and 38 of these (95.0%) were also positive in the LAMP test, showing a high rate of consistency. Of the 85 negative samples in the culture test, 38 samples (44.7%) were positive in the LAMP test. The positive rate in the LAMP test was higher than that in the current culture test ; the test procedure wassimple, and judgments could be made in a few hours, showing that the LAMP method is useful for the rapid detection of Legionella spp.
Mass infection through bath water as the source of infection has recently occurred in Japan (National Institute of Infectious Diseases, 2003) , and improved hygienic management of bath water is needed. For monitoring the bacterial counts of Legionella spp. in bath water, a culture test is necessary. However, 7-10 days are needed to obtain the test results because bacterial growth on selective media is very slow, which is a limitation of the culture method. Such timeconsuming procedures cause delays in applying effective coutermeasures and increases the risk of infection. Furthermore, in the case of the public bath business, delays in inspection after bactericidal measures results in great economic losses due to the long-term suspension of business licenses. Therefore, the establishment of a rapid method to detect Legionella spp. in bath water that replaces the culture method is urgently required.
Detection of pathogenic microorganisms by gene amplification takes only a few hours (Coleman et al., 1996) . Particularly, a new gene amplification method, loop-mediated isothermal amplification (LAMP), is superior in sensitivity and the ease of implementation to the current polymerase chain reaction (PCR) method (Horisaka et al., 2004; Inoue et al., 2004b) , and basic investigations of the detection of Legionella spp. have progressed (Annaka et al., 2004) .
In this study, we detected Legionella spp. in hot spring bath water from various places in Japan using both the culture and LAMP methods, and compared the results of the 2 methods.
Between March and November 2004, 125 samples (500 ml) of hot spring water from 20 prefectures were subjected to testing. Samples from local regions were transported in a refrigerator. As a rule, the A relatively high number of isolates were typed group 3, group 4 and group 10. These identification results were similar to the isolation situation of the Legionella spp. in the soil of Japan, which the authors investigated previously (Furuhata et al., 2002) . The results of the detection of Legionella spp. in 125 samples of hot spring bath water using the LAMP method are shown with the distribution of bacterial counts measured with the culture method in TABLE 1. Of the 85 undetectable samples (less than 10 CFU/100 ml) in the culture test, 38 samples (44.7%) were positive in the LAMP test. Of the 18 samples in which 10-40 CFU/100 ml Legionella spp. was detected in the culture test, 16 samples (88.9%) were also positive in the LAMP test, but 2 samples (11.1%) were negative. The Legionella counts in these 2 LAMP test-negative samples were 10 and 30 CFU/100 ml, respectively, and L. pneumophila was isolated from both samples, but the serotypes were not clear. All of the 22 samples in which 50 CFU/100 ml or higher Legionella spp. was detected were positive in the LAMP test.
The biggest disadvantage of the generally used culture method for the detection of Legionella spp. is the length of time required for testing. Detection of nucleic acid has been widely used as a rapid test method (Sayan et al., 2004) . As for differences between the 2 methods, the culture method detects only viable bacteria capable of forming colonies on medium, while the gene test is capable of detecting not only viable bacteria but also dead bacteria and viable but non-culturable bacteria (VNC) . The gene test is also capable of detecting bacteria using nucleic acid alone. Thus, it is difficult to obtain a complete consistency between the results of the culture test and the gene test.
Legionella spp. in 125 samples of hot spring bath water was detected using the current culture method and the recently developed LAMP method, and the results were compared. Of the 40 samples in which Legionella spp. was detected in the culture test, 38 samples (95.0%) were positive in the LAMP test, showing a high rate of consistency. Two samples that were positive in the culture test but negative in the LAMP test contained abundant insoluble materials, suggesting that amplification-inhibiting substances present in the hot spring bath water affected the test. Of the 85 undetectable samples in the culture test, 38 samples (44.7%) were positive in the LAMP test. Ng et al. (1997) reported that the presence of dead bacteria and VNC bacteria were the factors causing the PCR test positivity of the culture test-negative samples in a Legionella spp. test of cooling tower water. There may be similar factors involved in the testing of hot spring bath water, and positive readings may be obtained with the gene test even when disinfection with chlorine is performed properly. A positive result in the gene test may indicate the existence of Legionella spp. contamination in the past, and it indicates that there is the potential for actual contamination in the future. Accordingly, positivity in the gene test does not directly mean infectivity, unlike the culture test, and gene test-positive hot spring bath water does not necessarily become a source of infection. Sufficient consideration is necessary at this point when the gene test is employed for rapid testing of Legionella spp.
When oxidizing bactericidal agents such as chlorine are added, the nucleic acid of dead bacteria is degraded, and become undetectable, depending on the concentration of the bactericidal agent and exposure time (Inoue et al., 2004a) . NASBA and TRC methods developed as rapid RNA amplification techniques have recently been investigated in many fields (Templeton et al., 2003 ; Masuda et al., 2004) . Introduction of these techniques may bring the results of the gene test and culture test into closer accordance.
